Introduction {#s0005}
============

Individuals infected by the COVID 19 virus display a clinical course ranging from asymptomatic carriers, mildly symptomatic individuals to those with severe respiratory distress and death, based on age and other co-morbid features [@b0005], [@b0010], [@b0015].

About 80--85% of patients infected with the COVID 19 virus display a mild to moderate course of the disease and spontaneously recover at 14--20 days from the point of the first contact. However, about 15% of patients progress to severe stages of the disease, often requiring ICU admission and mechanical ventilation with around 2.5% succumbing to this illness [@b0005], [@b0010]. Research has shown that most of the patients who progress to severe stages of disease belong to the elderly age group \< 65 years of age and have multiple associated co-morbidities [@b0005].

This paper serves to bring out the immunological responses of patients with severe disease, in order to design pertinent interventions to decrease morbidity and mortality of COVID 19.

Functional bridge adaptive immunity in patients with favourable outcomes with COVID 19 {#s0010}
======================================================================================

The immune responses induced by the COVID 19 virus, during the incubation and non-severe stages, requires the early initiation of a specific adaptive immune response to eliminate the virus and prevent the progression to severe stages [@b0020]. This is carried out by neutralization of free virus particles and termination of viral replication by antiviral cytotoxic T cells (CTLs).

The Innate cytokine responses, like Interferon (IFN) alpha/beta or IFN-gamma have roles in controlling and initiating downstream adaptive immune responses [@b0020]. Interferon-alpha and beta are synthesized by most virally infected cells whereas IFN-γ is synthesized only by certain cells of the immune system like the natural killer (NK) cells, CD4 Th1 cells, and CD8 cytotoxic suppressor cells.

A decrease in lymphocytic count is a deterrent to the adaptive immune response. Mild to moderate lymphocytopenia is a common haematological finding (about 44% of all patients) in individuals with COVID 19 infections. Studies have shown an absolute lymphocytic count of about 1--1.2 × 10^9^/L [@b0025], [@b0030].

Early recruitment of CD4+ and CD8+ cells is crucial in the recovery of patients with COVID 19 Infections. Studies have shown that although CD4+ and CD8+ expression is lesser in patients with COVID 9 than healthy individuals, there is a steady increase in expression upto 4--5 days [@b0030], [@b0035], [@b0040].

Individuals that recovered from the disease with only mild to moderate symptoms show activated CD4+ and CD8+ T cells, (co-expression of CD38 and HLA-DR), along with IgM and IgG viral-specific antibodies [@b0020], [@b0035], [@b0040]. The emergence and rapid increase in activated T cells, especially CD8+ T cells, at days 7--9 has been shown to precede the resolution of symptoms. Following this, there is a rapid decline CD8+ cells and minor decline in CD4+ cell population upto day 20 [@b0020]. This coincides with complete recovery of the patient, thus establishing the importance of a functional bridge adaptive immunity.

Dysfunctional bridge adaptive immunity in COVID 19 patients with severe disease {#s0015}
===============================================================================

In cases that progress to severe or critical stages, counts of peripheral CD4+ and CD8+ T cells were substantially reduced around Day 4--5. Jing Liu et al. [@b0030] demonstrated a significant reduction in CD8 cell counts with an insignificant decrease in CD4 counts in peripheral blood in severe cases when compared to mild cases. The T cells, although reduced in number, show hyperactivity as evidenced by the high proportions of HLA-DR and CD38 expression. Additionally, CD8+ cells contain higher concentrations of cytotoxic granules of perforin and granulysin but are grossly reduced in number [@b0020], [@b0030]. This implies an over-activation of T cells, and high cytotoxicity of CD8 T cells leading to an exaggerated immune response. This is substantiated by the increased expression of IL6, IL10, IL2 and IFN-γ in the sera of severe cases when compared with that of the mild cases [@b0030].

The levels of inflammatory cytokines (IL1, TNF alpha, IL6) are high in the lungs of COVID-19 patients and these cytokines are strong inducers of hyaline production in lung alveolar epithelial cells, and fibroblasts [@b0040], [@b0045]. Lung inflammation is the main cause of life-threatening respiratory disorders and the severity of pulmonary immune injury correlates with extensive infiltration of neutrophils and macrophages in the lungs [@b0050].

More pertinently, it has been demonstrated that when T cell counts drop to their lowest levels at day 4--6, the serum IL10, IL2, IL4, TNF-α and IFN-γ levels reach their peaks thereby initiating a cytokine storm [@b0030]. This excessive, ineffective host immune response may lead to severe lung injury leading to Acute respiratory distress syndrome (ARDS) [@b0035].

As the infection progresses and becomes severe in intensity, the remaining T cells are unable to sustain long term activation, leading to immune exhaustion and decline in effector activity and proliferation [@b0055]. The overstimulated innate immune response, without feedback from adaptive immune system clearly demonstrates the dysfunctional bridge adaptive immunity.

Basis for mesenchymal stem cells (MSCs) in treatment of severe COVID 19 illness {#s0020}
===============================================================================

Mesenchymal cells derived from umbilical cord, dental pulp, bone marrow etc, have been used for immune modulation in various autoimmune disorders [@b0060].

Mesenchymal stem cells are known to suppress overactive immune responses as well as maintain a pro-inflammatory phenotype when inflammatory responses are absent. MSCs also bring about tissue regeneration and repair [@b0060], [@b0065]. The plasticity of these mesenchymal cells according to the presence or absence of pro inflammatory cytokines has been described and is being intensively studied [@b0070].

This immunomodulatory effect of MSCs could hold the potential to manage a patient at risk of manifesting the severe symptoms of COVID 19 infection due to a dysfunctional adaptive immune system ([Fig. 1](#f0005){ref-type="fig"} ). A few reports of use of mesenchymal stromal/stem cell in the treatment of COVID 19 has emerged in recent times with promising results [@b0075]. Wilson et al conducted a study to investigate the effectiveness and safety of the use of mesenchymal stem cells for ARDS with favourable results [@b0080].Fig. 1mechanism of action of mesenchymal stem cells for immunomodulation.

MSCs are non-immunogenic due to their low expression of Major histocompatibility Complex (MHC). This makes it well suited for therapeutic interventions using allogenic transfers without HLA matching [@b0085]. In the presence of an exaggerated immune response as seen in COVID 19 patients with cytokine storm and ARDS the pro-inflammatory cytokines bring out an anti-inflammatory effect on the MSCs. The MSCs secrete several soluble factors such as Nitric oxide (NO) Transforming growth factor (TGF) beta Prostaglandin E2 (PGE2) indoleamine 2 3-dioxygenase (IDO) HLA -G5 and soluble interleukin 6. These molecules then inhibit the proliferation and activation of TH1 and TH17 cell lines thereby decreasing the production of interferon-gamma and interleukin 17. They also inhibit the activation of cytotoxic CD8+ cells thereby reducing direct injury to lung parenchyma. The activity and maturity of dendritic cells are also reduced via PGE2 pathways hence decreasing TNF alpha and increasing IL10 which is anti-inflammatory. This then activates T reg cells that regulate the T cell activity and further increase the production of IL10. The NK cells are suppressed both by the secretion of these soluble molecules as well as contact-mediated communication with MSCs. MSCs also bring about increased mobilization and decreased chemotaxis of neutrophils [@b0060], [@b0065], [@b0070].

Mesenchymal stem cells may be lysed or inactivated by the already activated NK cells. This phenomenon can be controlled by priming the MSCs with interferon-gamma before transfusion [@b0040], [@b0060], [@b0065].

To explore the use of mesenchymal stem cells in the treatment of COVID positive patients with severe disease, we have initiated a clinical trial (IMD/CoV/001/2020) to transfuse Allogeneic mesenchymal stem cells derived from donated bone marrow or umbilical cord administered via intrapulmonary implantation where possible or administered via the intravenous route.

In order to offset the neutralization of MSCs, we have proposed priming of MSC with a cytokine cocktail derived from Th1 cells of healthy donors to suppress the hyperactive immune response and promote tissue repair.
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